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ABSTRACT
Confidential ]

A doppler-sense separation techniqup, applicable wthc
Madre radar system, separates rvdai targets inte app. -aching
and receding targets. The presentation of unaanbiguu3 doppler
frequencies of up to one-half the radar sampling rate m ,-ide
possible. In addition, three desirablc (6lateral Ifatures .'an be
obtained: (a) some suppression of eartV backscatte- retrw', '.)
simpie i-f bandwidth control, and (c)the ýv illability of range-gated
and essentially continuous-wave signals. 'i.'hc separation technique
has a theoretical signal-to-noise ratio '.-"provement of 3 db.

PROBLEM STA Y US

This is an interim report onone phase of an Air Force (RA)C)
sponsored problem; work on this and oth~er phases is continuing.
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A METHOD OF SEPARATING APPROACH AND
RECEDE PULSE DOPPLER RADAR ECHOES

Unclassified Title I

INTRODUCTION

Statement of the Problem

The work described in this report has been an effort at extracting all of the doppler
frequency information possible from the Madre radar (1,2). In brief. this radar is ai
hf coherent pulse doppler system requiring suppression of the earth backscatter returns
and employing a signal processor with storage times of from 20 ceconds to 7 nhnutas, a
time compression of about 83,000 to 1, and a variety of signal analysis methods.

in coherent pulse doppler radar systems it is common to convert received signals to
a zero intermediate frequency (bipolar video). With such a system, unambiguous doppler
can be indicated for frequencies up to one-half of the pulse repetition frequency (sampling
rate); however, approach or recede inforru.,tion is lost. If an i-f placed at one-quarter
of the rulse repetition tate (PRR) is used, approar" or recede targets can be identified
by displacement above or below the i-f irequency, but the available unambiguous doppler
extract is one-eighth of the pulse repetition rate.

In this report the application of a doppler- sense separation ti -hpique that effectively
separates Madre radar system targets into approachhug and recedmig targets will he
discusses.

Proposed Solution

Alter ennsidering several possible solutions to the problem of separating approach
and recede tmgets, It wa3 decided to choose a pair of filters, each having a bandpass of
one-half the pul.e repetition frequency (Prf) of 180 pps for Madre, with the crossover
point at the i-f carrier .selected (100 kc/s). Although approach and recede doppler can
be separated, all range' resolution will bc icst. To preserve range inforniation, the side-
band filters can be gated "on' for a short part of the interpulse period. A workable system
that would retain essentially the range resolution of the Madre primary system would
require a bank of 22 pairs of filters sequentially gated oa for 240, sec. The outputs if
low and high sideband (LSB and HSB) filters would require separate data processing and
display channels.

Sideband filters lPaving the characteristier showi in FMg. 2, wits a 12-db notch at the
carrier frequeuc,, will gve somn riect:on to tih loeer doppler frequencies. Since earth
oackscatter return, anpear withi, a few cyclcs of the carrier frequency, an improveniert
in earth backscattei suppi esbim can t- realized. in theor) all hear-zero dopfler retun
rejection could be accomplisht-d ty sildebana f:lters with appropriate skirt design. It will
be noted that the gate width det•rmiies tlhe frequent y bandpass since the doppler separa-
tion filters arc relatively narrow. The 240- s(c gate example is co',npatible with the
normal ,-kc s sybtemn baidwidth. When a more restricted bandwidth is desirable (due to
co-chanoel interference, for example), it may be secured by sing a wider gate with, of
course, a sacrifice in rianj. resolut. n. BD pro-dAin,, a. adjustable gate-width facility,
the radar i-f baindwidth v, easily conwrolled

SECRET
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Another collateral result of nominal 80-cps bandwidth filtering of a ranige-gated seg-
ment of the i-f is that this achiev'as the correct format for doppler -time -history anallysis
and display, that is, an essentially cw signal is available for processing. Without such a
capability it is necessary to range-gate and "boxcar" prior to processing.

Some preliminary work on mechanical filters at NRJ.deronostrated "hat a tenl-element
torsion-mode filter could produce the desired bandpass characteristics.

DESCRIPTION OF DEVET nPED EQUIPMENT

The block diagram of M.g. I indicates the equipment that was developed for this prob-
lem, One pair of magnctostrictiin filters, withi the banripass characteristics shown in
Fig. 2, was developed on contraict with RICA, Camden, N.J.

P1F (ISO PPS)

MJADRE CLOCK.
TRACK( (C0l

931 5K .fC ,,.R 4,40OCPS MU,. PS ,0

GATE DR'ýERS

100 - -
100KC IF GATE SO aT

RAM.( GATED I tVtOpl

0.J T fluT

Ii.I - Experimental equipment and (rcu~il. &,sd ;z'
arate approach and recede radar t.Irý,etaby the use of dop-
pler informattow, in the Madre rada. bybtem

The counting and commutating circuits necebsary to make the filter gating compatible
with the Madre system .vere developed at NRL.

The 6at(v-switching rate rrquired for a 23-rangt' segniont svstem at a 180-eps prfiIs
4140 cps. This was obtained by dividing the Madre clock track (931.5 kc s) by 225.

A multposition distributor using three Burroughs BX- 1000 beani sivitct..ýng tubes .,b
shown in Fig. 3. The initial iwsitl( .. was "et by the bybittii, 6.4nc _itnd driven hV the divided
clock track. Thits distribution provided .1pproprlate tritgg-r pulses for the f ilter gatet.

Gating V.i& :,a L. contlplksit with a t-al trainsisýtor Ihopping utut. The Solid State Elec-.
ti nines Mi .elc 50P. In tht ',n" (ond'tlon this unit has, A ni.Lintuiil sigiaul level of 10v pe~ak
to 1) ak anid jivai uw~tý, j_.... b' Liii *o" tondit'tn tat gam is downt ap~prto.\matelv 4n dl;.
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RESULTS

Target Separation

Figure 6 show- th- results of a simulated receding doppler of approxiarttely 40 cps.
Tae signal levels were set just below the system saturation point.

In Fig. 7 the same test procedure was followed as in Fig. 6 but with a simulated
approach doppler as the input signal.

The input and output circuits of the magnetobtriction filters were gated on for a
longer time than the actual width of the simulated target, thus accounting for the longer
range spread from the filtered channels (Figs. 6(b) and 7(c)).

Fig. 6 - Simulated target receding with a doppler frequency of about 40 cps.
(a) Con entional Madre radar system primary display, (b) the barne receiver,
L.._,crtcrdata processing, and display channel withthe LSB magnetust ris.t iuWt
filtr inse rted before the ,y.achronous detector, (c) the HSB filtex replace-$
the LS. filto r. Horizontal scales representthe range (mi). rtght-hangd scaler
represent the doppler frequency (cps). and the left-hand "caleb are not
app. a,tble.

F -.. 7 - S- Ila -t- r. -a i pproa(hxr.jg v.th a dopplecr freq •.-ý, y u! a6bu.t 40 cps.
(a.) Con, vritix:l al Madre r,0,t' r >ytern prin..-r- dxtply (bs *?- ýrmnv rve,.t er.

SECR(ET
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Signal Processing Gait,

Using the doppler separation filters reduces each channel input bandwidth by one-half
and could provide a 3-db improvement in the signal to white-noise ratio presented to the
signiaz p iuteu.±b. A pa ecise coazlp4&±ibo!I Of a ciativtC b~v~i&i~it) uf thy upez-e;u.e
and ambiguouz, doppler methods was not accomplished. However, observers experienced
in the operation of the Madre radar believed that separated channels allnwted detection of
smaller signals.

Equ~pnient Illustrations

Figure 8 shows the chassis mounting of the magnetostriction filters with the cover
removed from one filter.

Figure 9 shows the magnetostrictlon filter element in sonme detail.

Figures 10(a) and 10(b) show, respectively, a top and bottom view of the chassus
containing the dividing and niultiposition distributor circuits.

F..ii(h bz motanting of the~~ mgeorcihot filte ra
.itt to~ r re intnt- fromn one filte~r

CONCLUSION

7'he perfornmaite of ithe ext~raimt utod naguaetum~ritttwn W~ters bhowed the feabib~iity
')I ai dopplelr beuti, bep.1ration m stem b~abed on theit uat. The bingle pair of filters devel-
opewd hausbuvii uwtuiltd tlIi~'ti (ccholing studiezs. Thi. USt! of ýUI At bYStetr for

SECIRET
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Fig. 9 - Close-up of mAg'ielostriction filter elemnent
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(b) bottom vi~w

Fig. 10 (continued) -Cha~is: s mounting ol .ht divid-ng and
muitiposition distcibutor circuitb

target separation permits the presentation of unambiguous doppler f requenc Ies up to ont, -
half the target sampling rate. IIn addition, three desired collateral features can bx obtained.
These are (a) sonie supprcssion of earth backscalter it-turnh, (b) simple i-f band~ idth
control, and (c) the availability of range-gated and essentially continuous-wave %ignal~s.

The construction of magnetostriction filters %ith the characteristics necessary for
this purpose proved to be a tedious procedure and efforts to acquire I ..uf.i ient number
ior a complete set were aoanaconedt. A contract has!beetil t I for the construc tion of -05 pairs
of crystal filters having the samie characteristics as the ex.perlIllentAI p)AIr. FUtUrv l)LIanS
art. to Ijistali thiese as a 1kirt tif the Madre research systen' at CFAA.
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